Abstract: The effects of plant and yeast cerebrosides on melanin formation were examined in B16 mouse melanoma cells. Addition of yeast cerebroside significantly reduced melanin content to the same level as that of arbutin in control cells, although there was no suppression by plant cerebrosides and bovine brain cerebroside up-regulated melanin formation. None of the bovine brain cerebrosides examined had any effect on tyrosinase activity, but yeast cerebroside reduced the contents of tyrosinase . The results of the present study clearly showed that melanin formation is regulated by several different cerebrosides via tyrosinase. In addition, the findings presented here suggest that cerebrosides containing a 9-methyl type sphingoid base, such as yeast cerebroside, may be useful as skincare products for suppressing melanin formation.
INTRODUCTION
Melanin, the pigment of skin, hair bulbs, eyes, and moles, is indispensable for the absorption of free radicals generated in the cytoplasm and blocks various types of ionizing radiation, such as UV. Cellular melanization is a process that has been described as a fine stress regulatory mechanism 1, 2) . A number of inhibitors of melanin formation have been reported to date, including arbutin 3) and kojic acid 4) , and linoleic acid and polyphenols have also been shown to possess such functions 5, 6) . Sphingolipids and their metabolites are intracellular mediators that are essential for cell differentiation and apoptosis 7) . Orally administered mammalian sphingolipids undergo hydrolysis through the action of intestinal enzymes for subsequent uptake by mucosal cells. Following intake, sphingolipids show anti-carcinoma effects in vivo, which has prompted considerable attention and research regarding dietary sphingolipids as functional lipids 8, 9) .
Sphingolipids, particularly ceramides, are the major lipid constituents of the lamellar sheets present in the intercellular spaces of the stratum corneum. These sheets may function as barriers for moisture retention in the epidermis 10) . Sphingolipids, and especially ceramides, may function to maintain skin homeostasis. Sphingolipids derived from mammalian sources have been shown to induce melanin formation 11) . Sphingoid bases in plant and yeast sphingolipids were found to differ structurally from those in mammals. Therefore, we focused on the effects of plant and yeast cerebrosides, which constitute a major class of sphingolipids, on melanin formation in B16 mouse melanoma cells.
Bank (Tsukuba, Japan) were maintained in Dulbecco's modified Eagle's medium (DMEM) (Nissui Pharmaceutical Co., Tokyo, Japan) supplemented with 10 fetal calf serum (FCS), 2 mM glutamine, and 0.1 mM nonessential amino acids.
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A commercial cerebroside-rich preparation (Nippon Flour Mills, Atsugi, Japan) was used as a source of maize cerebrosides. For isolation of cerebrosides, the preparation was dissolved in chloroform and applied to a silica gel column followed by preparative thin layer chromatography (TLC), as described previously 12, 13) . Yeast (Saccharomyces kluyveri) cerebroside was obtained as described previously 8) . The purity of cerebrosides from maize and yeast (95 and 94 , respectively) was determined by high performance liquid chromatography (HPLC) as described previously 8) . Compositions of Cerebroside from maize and yeast were reported previously 8) . Bovine brain cerebroside (galactocerebroside) was purchase from Sigma (St. Louis, MO).
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Following removal of the medium, the cells were washed twice with Phosphate buffered saline (PBS) and collected by trypsinization. After centrifugation, cell pellets were dissolved in 1 N NaOH, the absorbance of the solution at 475 nm was measured, and the melanin content was determined from the standard curve for authentic melanin 14) .
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Crude tyrosinase was prepared and tyrosinase activity was measured according to the method of Akiu et al. 3) . Briefly, after culture in test media, aliquots of 5.0 10 6 cells were harvested in 10 ml of 0.1 M phosphate buffer (pH 6.8) containing 0.1 Triton X-100 and homogenized using a sonic homogenizer. Following centrifugation at 11000 g for 20 min at 4 , the supernatant was used as the crude tyrosinase enzyme solution for enzyme activity. The protein concentration of this supernatant was determined using a DC protein assay kit (Bio-Rad Laboratories, Hercules, CA), and aliquots containing 20 mg of protein were diluted to 100 ml with 0.1 M phosphate buffer (pH 6.8) containing 0-200 mM sphingolipids dissolved in ethanol or Kojic acid as a positive control, and then incubated at 37 . After 10 min, 50 ml of 0.15 L-DOPA (3,4-dihydroxy-Lphenylalanine) was added and incubation was continued at 37 for 20 min. To determine the tyrosinase activity, the absorbance of the solution at 475 nm was measured.
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Cytosolic tyrosinase content was determined by Western blotting analysis as reported previously 15) . Briefly, the cells were seeded in 100-mm dishes (1.5 10 6 cells). The following day, the medium was removed and replaced with fresh medium containing 0-200 mM sphingolipids over a period of 24 h. The cells were then scraped off the plates, lysed with sodium dodecylsulfate (SDS) buffer, and electrophoresed on 12.5 SDS-polyacrylamide gels under reducing conditions. Proteins on the gels were transferred onto nitrocellulose membranes (Bio-Rad Laboratories) and immunoblotted with monoclonal anti-tyrosinase antibody (Sigma) and horseradish peroxidase-conjugated secondary antibody (Amersham Biosciences Corp., Piscataway, NJ). Bands were visualized by enhanced chemiluminescence (Amersham Biosciences Corp.), recorded on X-ray film, and identified based on comparison with commercially available protein standards (Bio-Rad Laboratories).
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Statistical analysis was performed by ANOVA followed by Fischer's least significant difference (LSD) test and P< 0.05 was considered to indicate statistical significance.
RESULT AND DISCUSSION
The effects of several sphingolipids on cell proliferation were first examined in B16 mouse melanoma cells. However, none of the cerebrosides examined showed any effect on proliferation of these cells (data not shown).
The effects of cerebrosides on melanin formation were then examined in mouse B16 melanoma cells. Yeast cerebrosides were found to significantly suppress the formation of melanin to a level similar to that noted for arbutin (
). This suppression of melanin formation proceeded in a dose-dependent manner (data not shown). Cerebrosides derived from plant sources showed no such suppressive effect, while that from bovine brain induced an increase of almost 1.2-fold in melanin formation as compared to controls ( ). As tyrosinase has been shown to be critical for melanin formation, the effects of several cerebrosides on the enzyme responsible for tyrosinase activity in B16 cells were examined to determine their effects on melanin synthesis. Kojic acid and arbutin (data not shown) are known to inhibit tyrosinase activity 16) . In the present study, no mammalian, plant, or yeast cerebrosides were found to inhibit tyrosinase activity ( ). To determine the effects of cerebrosides on tyrosinase content, western blotting was performed using anti-tyrosinase antibody. Arbutin has been shown to reduce not only tyrosinase activity but also the tyrosinase protein content 3) . In the present study, yeast cerebroside was shown to reduce the tyrosinase content as compared to controls ( ), while that from bovine brain had no effect on the tyrosinase content.
The results of the present study clearly indicated that
Prevention of Melanin Formation by Yeast Cerebroside
yeast cerebrosides suppress melanin formation. Sphingolipid metabolites have recently been shown to function as regulators of melanin formation 11, 17) . Ceramide and sphingosine-1-phosphate modulate melanocytic activity by reducing the level of melanin synthesis 18) . However, sphingosylphosphorylcholine was reported to enhance melanin synthesis 11) . Mallick et al. observed melanin formation by the placental lipid fraction and suggested that placental sphingolipid, possibly Sphingosylphosphorylcholine, induces melanin formation 19, 20) . Bovine brain cerebrosides (mainly galactocerebroside) significantly induced the formation of melanin ( ). These cerebrosides as well as their metabolites, such as Sphingosylphosphorylcholine, may also induce melanin formation. Plant cerebrosides (glucocerebroside) failed to induce melanin formation, while those from yeast showed a suppressive effect. It then follows that the effects of sphingoid bases on melanin formation or suppression are dependent on their specific structures. It should be noted that the 9-methyl branchcontaining sphingoid base present primarily in fungi and yeast cerebrosides is important for their suppressive effects on melanin formation.
The mechanism by which sphingolipids regulate melanin formation remains unclear. In the present study, yeast cerebrosides were found to have no effect on tyrosinase activity but reduced tyrosinase content. Kim et al. reported that ceramides reduce tyrosinase expression 17) , while Higuchi et al. found that this enzyme was up-regulated by Sphingosylphosphorylcholine 11) . The particular structure of a sphingolipid thus appears to be involved in regulation of tyrosinase expression. The 9-methyl-type sphingoid base-containing yeast cerebroside should thus suppress melanin formation through regulation of tyrosinase content. Only plant cerebrosides containing an 8-unsaturated sphingoid base, such as those of maize, should have no effect on melanin formation. Moreover, a previous study indicated that polyunsaturated fatty acids prevent melanin formation, while saturated fatty acids do not 5) . These results suggested the importance of structural characteristics for prevention of melanin formation. Thus, the capaci- ty for sphingoid bases to regulate melanin formation may be dependent on the particular structural features of the bases.
The results of the present study clearly indicated that melanin formation is regulated by cerebrosides through their effects on tyrosinase. It should be emphasized that cerebrosides containing a 9-methyl-type sphingoid base, such as yeast cerebroside, are capable of suppressing melanin formation and may be useful in skincare products.
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